7 Forage plants are valuable because they maintain wild and domesticated herbivores, and sustain the delivery of 8 meat, milk and other commodities. Forage plants contain different quantities of fibre, lignin, minerals and 9 protein, and vary in the proportion of their tissue that can be digested by herbivores. These nutritive components 1 0 are important determinants of consumer growth rates, reproductive success and behaviour. A dataset was 1 1 compiled to quantify variation in forage plant nutritive values within-and between-plant species, and to assess 1 2 variation between plant functional groups and bioclimatic zones. 1,255 geo-located records containing 3,774 1 3 measurements of nutritive values for 136 forage plant species grown in 30 countries were obtained from 1 4 published articles. Spatial variability in forage nutritive values indicated that climate modified plant nutritive 1 5 values. Forage plants grown in arid and equatorial regions generally contained less digestible material than those 1 6 grown in temperate and tundra regions; containing more fibre and lignin, and less protein. These patterns may 1 7 reveal why herbivore body sizes, digestion and migration strategies are different in warmer and drier regions.
Introduction

0
Forage plants provide humans with valuable ecosystem services, for example, they feed an estimated 1.5 billion 1 0 0 Data collection 1 0 1 Data were obtained from peer-reviewed journal articles. These articles were identified by systematically 1 0 2 searching the WoK. To avoid researcher bias and to maintain a consistent approach, the search terms used to 1 0 3 identify the articles listed in the WoK were identified a priori. Articles were included in the database if the 1 0 4 nutritive measurements were related to a specific forage plant species or hybrid that had been grown in field 1 0 5 conditions at a defined location (hereafter termed 'site') and harvested for nutritional analyses at a stated time.
0 6
Data from experiments conducted in greenhouses or field experiments, i.e. those that manipulated climatic 1 0 7 variables, were excluded because the prevailing growing conditions were not representative of the location. All 1 0 8 plant species names were checked for accuracy using an online list of species names, with synonyms switched 1 0 9
to accepted names and unknown species were removed (www.theplantlist.org).
0
To ensure that the methods for measuring forage nutritive value were consistent across the articles, data were 1 1 1 included if Ash, ADF, ADL, DM, NDF and/or CP analyses were carried out on dried samples and presented in 1 1 2 units of g kg −1 DM or % DM. DMD and OMD was also recorded when available. All measurements that were 1 1 3 taken at the same site and on the same sampling interval were allocated to the same row of the dataset, thus 1 1 4 multiple nutritive metrics were included for the same time and location (mean nutritive metrics per row = 3.01 ± 1 1 5 0.04). Samples were included if they were analysed in the same form as they would be consumed by livestock; 1 1 6 grasses, herbaceous non-legumes (hereafter termed 'herbs') and herbaceous legumes (hereafter termed 1 1 7 'legumes') were included as whole plants, whilst trees and shrubs were included if analyses were carried out on 1 1 8 foliage. For our analyses, the foliage of trees and shrubs were grouped together (hereafter termed 'tree').
9
Sites were allocated to a bioclimatic zone as defined by the Köppen-Geiger climate classification system 1 2 0 (Kottek et al. 2006) and recorded in the database as arid (≥ 70 % of precipitation falls in summer or winter), were grouped together (for details of the sites included in the database see Supplementary Material 1). The database contained 1,255 geo-located records with 3,774 measurements of nutritive values for 136 forage 1 2 8 plant species or hybrid cultivars grown in 30 countries (for a summary of all of the mean nutritive values across 1 2 9 all plant species see Supplementary Material 2). The most commonly recorded nutritive metric was CP, which 1 3 0 was measured in 88% of the records and in all 30 countries. This was followed by the two fibre metrics, ADF 1 3 1 6 to the dataset (2035 values), followed by tundra (981 values), arid (541 values) and equatorial zones (217 1 4 1 values). Nutritive metrics, Ash, ADF, ADL, DM, NDF and CP were correlated with both DMD and OMD using linear 1 4 5 regression analyses, with degrees of fit for regression lines calculated using r 2 . In all cases either DMD or OMD 1 4 6 was the response variable with the other metrics included as potential explanatory variables. Prior to statistical 1 4 7 testing, data were tested for non-linearity by comparing quadratic and logarithmic models with linear models. In 1 4 8 all cases linear models were the most appropriate. Variation between functional groups and bioclimatic zones 1 4 9 for each nutritive metric was assessed using Analysis of Variance (ANOVA) tests, with significant differences 1 5 0 between individual zones and groups identified using Tukey's Honest Significant Different (HSD) tests. All The mean DM across all of the forage plants was 41% and the mean water content of the plants was 59% ( Table   1 5 6 1). In terms of the fibre content across the whole dataset, means values for ADF and NDF were 32% and 57%, 1 5 7 respectively. Mean CP was the next highest value at 15%, with mean ash at 9% and mean ADL at 6%. Overall, 1 5 8 of the plant material that was measured, a mean of 71% in terms of DMD, and a mean of 62% in terms of OMD, 1 5 9 was digestible. 1 6 0 There was a larger range of values for OMD than for DMD, with digestibility ranging from 2-91% and from 31-1 6 2 97%, for the two metrics, respectively. In terms of the other nutritive metrics, DM had the largest range of 1 6 3 values, ranging from 11-97%, followed by NDF at 23-90%, ADF at 13-60% and CP at 2-36%. The metrics with 1 6 4 the largest ranges also represented the largest number of different plant species, since CP was recorded from 132 1 6 5 species, NDF was recorded from 116 species and ADF was recorded from 100 species. The exception to this 1 6 6 was DM which was recorded from 67 forage plant species. 1 6 7 Several of the nutritive metrics were correlated with DMD and OMD, but there were differences in the degree of 1 6 9 fit around the regression lines and the direction of the relationships (Table 2) . NDF was strongly negatively 1 7 0 correlated with both DMD and OMD, as indicated by high r 2 values. CP was the only metric which was 1 7 1 positively correlated with digestibility, both in terms of DMD and OMD, though the degree of fit of the 1 7 2 regression line for CP and OMD was relatively low. ADF was also negatively correlated with DMD and OMD 1 7 3 but the amount of variation explained by the regression line, and thus the degree of fit, was much lower than for 1 7 4 NDF. ADL and DM were also negatively correlated with OMD but the degree of fit was lower between DMD 1 7 5 and these two metrics.
7 6
Geographical variation between functional groups 1 7 7
Fibre values of the forage plants grown in arid and equatorial regions were a mean of 18% and 11% higher than 1 7 8 those grown in temperate and tundra region, as defined by NDF ( Figure 1a ) and ADF (Figure 1b ), respectively.
7 9
However, CP values of forage plants grown across these drier regions were a mean of 2% lower than for plants 1 8 0 grown in temperate or tundra regions (Figure 1c ). Forage plants in arid and equatorial regions also contained 1 8 1 greater amounts of ADL; a mean 3% greater than temperate and tundra regions ( Figure 1d ). DM contents were 1 8 2 generally higher (and thus water contents lower) and mineral ash content lower in arid and equatorial regions 1 8 3 (Table 3 ). Both of the digestibility metrics were lower for plants grown in arid and equatorial regions; a mean of Grasses and tree foliage generally contained the most fibre; mean NDF was highest across the grasses at 59% 1 8 9
and tree foliage at 50%, whilst NDF for legumes was the lowest with a mean of 42% (Figure 1a ). Mean ADF 1 9 0 displayed a similar pattern to NDF, with tree foliage having a mean ADF of 34% and the grasses having a mean 1 9 1 of 33% ( Figure 1b ). As with NDF, legumes were the lowest in terms of ADF with a mean of 28%. Herbs were 1 9 2 not significantly different from grasses, legumes or tree foliage in terms of either ADF or NDF.
9 3
Mean CP values for herbs, grasses and tree foliage were 14%, 15% and 15%, respectively -and were not 1 9 4 significantly different from each other ( Figure 1c ). However, the mean CP value of legumes was greater than the 1 9 5
other groups at 21%. The mean ADL value for tree foliage was between 5% and 6% greater than the other three 1 9 6 functional groups (Figure 1d ). Mean ash values of legumes were 2-3% greater than the grasses and tree foliage 1 9 7 but not different from the herbs. There were no detectable differences in the digestibility of the functional 1 9 8 groups, either in terms of DMD or OMD (Table 3 ). 1 9 9 There was also substantial variation in NDF values both within-and between-species ( Figure 2 ). The largest 2 1 5
absolute NDF values were recorded from the grasses; Bouteloua gracilis at 90%, Aristida longiseta at 88% and 2 1 6
Setaria macrostachya at 86%. The maximum value recorded from any other functional group related to the 2 1 7 foliage of two trees; Bauhinia cheilantha at 68% and Mimosa caesapiniifolia at 68%. NDF for tree foliage, 2 1 8 herbs and legumes were clustered at the lower end of the range of values. The minimum values of NDF were 2 1 9 recorded from the herbaceous legume, Psophocarpus scandens at 23%, the grass, Dactylis glomerata at 27% 2 2 0 and the herb, Sanguisorba minor at 30%. The largest ranges of NDF values that were recorded were from the 2 2 1 grasses; Dactylis glomerata (27-71%), Phleum pratense (36-68%), Alopecurus pratensis (39-70%) and Lolium 2 2 2 perenne (34-62%).
3
The largest ADF values were also measured from the grasses; Hyparrhenia hirta at 60% and Enteropogon 2 2 4 macrostachus at 57%, whilst the foliage of the tree, Mimosa caesapiniifolia, was also recorded at 55%. High 2 2 5 ADF values were rarer than high NDF and only 3% of ADF values in the database were greater than 50%. The legumes were less clustered than for NDF but were more abundant towards the upper end of the range of values.
3 8
The largest ranges of CP values were recorded from the grasses; Agropyron cristatum (8-36%), Lolium perenne 2 3 9 (6-34%), Lolium multiflorum (6-28%) and Elymus sibiricus (5-26%). The largest ash values were recorded across different functional groups, with maximum values recorded from 2 4 4 the foliage of the tree, Diospyros abyssinica at 22%, the grass, Pennisetum purpureum at 19%, and the 2 4 5 herbaceous legume, Macroptilium atropurpureum at 17%. High values were rare and only 4% of ash values 1 1 all of which are grasses. The greatest ranges of DMD values were recorded for the grasses; Elymus sibiricus 2 6 9 (47-85%), Phleum pratense (61-97%), Hyparrhenia hirta (31-64%) and Lolium perenne (56-86%).
7 0
There was a greater range of OMD values than DMD values, with the maximum OMD value recorded from 2 7 1 Lolium perenne at 91%, with high values also recorded from the foliage of Leucaena leucocephala at 88%, the 2 7 2 grasses, Dactylis glomerata and Arrhenatherum elatius each at 78%, with the hybrid grass Festuca arundinacea 2 7 3
x Lolium multiflorum also reporting a high value of 77%. Low values of 3%, 4% and 9% were recorded from 2 7 4
Agropyron cristatum, Bromus inermis and Poa attenuata, respectively. The largest ranges of OMD values were 2 7 5 also recorded for the grasses; Elymus sibiricus (12-60%), Lolium perenne (61-91%), Bromus inermis (4-27%) 2 7 6
and Poa attenuata (9-25%).
2
Discussion
7 8
Forage plant nutrition is an important determinant of wild and domesticated herbivore population dynamics, 2 7 9 plant/herbivore interactions and animal behaviour (Humphreys et al, 2005) . Larger patch areas and enhanced 2 8 0 plant biomass production have been correlated with larger and more persistent herbivore populations (e.g.
8 1
Hanski & Thomas, 1994; Schlinkert et al., 2016) . However, if the currency of foraging theory is the provision of 2 8 2 nutrition, then this dataset clearly demonstrates that individual plants or patches of plants with the same standing 2 8 3 or dry biomass may be vastly different in terms of their nutritive values. This dataset shows that as much as 89% versus the benefits of nutrient extraction for consumers.
9 0
Warmer regions have been associated with taller, less nutritious and slow-growing grasses (Jégo et al. 2013 ).
9 1
Across all of the functional groups, this analysis showed that forage plants grown in warmer and drier regions 2 9 2 were generally of lower nutritive value, as indicated by higher fibre, higher lignin and lower protein contents.
9 3
These plants were also generally less readily digestible than those grown in cooler and wetter regions, as had 2 9 4 been hypothesised. The reduced nutritive value of forage plants grown across these regions may be driven by 2 9 5 increased abundances of plants with adaptations to avoid water loss and prevent heat stress. Adaptations include 2 9 6 greater stem:leaf ratios, greater hair densities, thicker cell walls, more narrowly spaced veins, a higher 2 9 7 proportion of epidermis, bundle sheaths, sclerenchyma and vascular tissues, and greater concentrations of lignin 2 9 8 and silica (Kering et al. 2011 ).
9 9
Many species of arthropods, birds and mammals actively select or avoid plants based on their nutritive values 3 0 0 (Greenberg and Bichier 2005; Amato and Garber 2014). This dataset demonstrates that these decisions are 3 0 1 crucial. Lower nutritive value diets can lead to higher mortality rates, lower pregnancy rates, production of 3 0 2 fewer offspring and a higher risk of predation (Proffitt et al. 2016 ). An analysis of 77 mammalian herbivores 3 0 3 showed that larger animals better tolerate diets of lower nutritive quality because they can consume a greater 3 0 4 volume of vegetation without increasing the efficiency of digestion (Müller et al. 2013) . Larger herbivores also 3 0 5 process their food more slowly, and are generally ruminants, whereas smaller hindgut fermenters feed 3 0 6 selectively on the most digestible plants (Illius and Gordon 1992; Clauss et al. 2003) . These data suggest that, 3 1 2
Regional and inter-annual variability in climate generates corresponding variation in forage nutritive values 3 1 3 (Grant et al. 2014; Ray et al. 2015) . This variability influences animal migrations, for example wildebeest and 3 1 4 zebra travel larger distances and remain within grazing patches for shorter period when forage is of high 3 1 5 nutritive value (Hopcraft et al. 2014) . Herbivores that do not migrate display the opposite pattern, since they 3 1 6 spend more time in the same patch consuming the more nutritious forage plants (Laca et al. 1994 ). The spatial 3 1 7 and temporal variation in forage plants shown here may contribute to explanations of optimal herbivore 3 1 8 migration strategies and foraging behaviour. In addition, reduction in forage quality driven by climate change to these projections and also suggests that future changes to forage nutritive values may modify migration and 3 2 1 grazing strategies (Walther et al. 2002) . Enteric methane production is also increased when ruminants consume 3 2 2 lower quality forage, and methane emissions may also be influenced by these spatial and temporal patterns in 
2 4
Grazing lands have expanded to supply the growing demand for meat and dairy products, particularly across 1 6 different nutritive components may also provide a deeper understanding of arboreal herbivore population 
2 3
Multiple agronomic nutritive metrics were considered in this analysis, and many were auto-correlated, but fibre 4 2 4 content was the best predictor of low quality forage, as defined by low digestibility values. High fibre content or 4 2 5 low digestibility may be the best proxy for poor quality forage. Forage quality was also lower in warmer and 4 2 6 drier arid and equatorial regions suggesting that the availability of high quality forage across these regions is 4 2 7 low. This information may contribute to explanations of variation in optimal herbivore body sizes, migration 2: Regression outputs of the relationships between dry matter digestibility (DMD) or organic matter 6 0 9 digestibility (OMD) and acid detergent fibre (ADF), acid detergent lignin (ADL), mineral ash (ash), crude 6 1 0 protein (CP), dry matter (DM) and neutral detergent fibre (NDF 
